, we construct a lift of the k-th Johnson . Then we study the images of these homomorphisms for the case where $G$ is a free group and a free metabelian group. As a corollary, we detect a $Z$ -free part in each of the augmentation quotients, which can not be detected by the abelianization of the $IA$ -automorphism group. For details, see our paper [25] . . Although the study of the $IA$ -automorphism group has a long history since its finitely many generators were obtained by Magnus [14] in 1935, the combinatorial group structure of $IA_{n}$ is still quite complicated. For instance, no presentation for $IA_{n}$ is known in general.
We have studied $IA_{n}$ mainly using the [6, 7] , Farb [9] and Kawazumi [13] . Pettet [19] determined the image of the cup product $\bigcup_{Q}$ : $\Lambda^{2}H^{1}(IA_{n}, Q)arrow H^{2}(IA_{n}, Q)$ by using the $GL$ $(n, Q)$ -module structure of [11] who determined the abelianization of the Torelli subgroup of the mapping class group of a surface in [12] . Now, there is a broad range of remarkable results for the Johnson homomorphisms of the mapping class group. (For example, see [10] and [15] , [16] , [17] . . Recently, good progress has been achieved through the works of many authors, for example, [6] , [7] , [9] , [13] , [15] , [16] , [17] and [19] . In particular, in our previous work [24] , we determined the cokernel of the rational Johnson homomorphism $\tau_{k,Q}'$ $:=\tau_{k}'\otimes id_{Q}$ for $2\leq k\leq n-2.$
The main theorem of this article is Theorem 1. For $3\leq k\leq n-2$ , the $GL$ $(n, Z)$ -equivariant homomorphism $\mu_{k}\oplus\pi_{k}:Q^{k}(IA_{n})arrow(H^{*}\otimes_{Z}\alpha_{k+1}(\mathcal{L}_{n}(k+1)))\oplus Q^{k}(IA_{n}^{ab})$ defined by $\sigma\mapsto(\mu_{k}(\sigma), \pi_{k}(\sigma))$ is surjective.
Next, we consider the framework above for a free metabelian group. 
